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1. Introduction

The U.S. Army Research Laboratory (ARL) has continued to expand the magnesium database
for the purpose of creating a military specification for magnesium alloy AZ31B-H24. The
favorable mechanical properties of this commercially available alloy have been documented in
earlier work (1). The purpose of this document is to parametrically compare the ballistic effec-
tiveness, on a weight basis, of the moderate strength, excellent damper AZ31B-H24 to the
moderate strength, excellent ductility aluminum alloy 5083-H131. Data for 5083-H131 were
obtained from military specification MIL-DTL-46027J(MR) (2).

2. Projectiles

2.1 Armor-Piercing (AP) Projectiles

The two projectiles of interest are the U.S. .30-cal M2 AP and the U.S. .50-cal M2 AP, as docu-
mented in MIL-DTL-46027J(MR). The U.S. .30-cal projectile contains a hardened steel core that
has a hardness of Rockwell C60-65 (3). The core has a lead filler encased in a full metal jacket, as
shown in figure 1; the lead filler is in front and back of this core. The U.S. .50-cal M2 AP, also
shown in figure 1, is similar to the .30-cal M2 AP with size and weight differences and lead filler
only in front of this core. The projectile contains a hardened steel core that has a hardness of
Rockwell C60-65. The projectile dimensions and masses are listed in table 1.

.30-cal M2 AP .50-cal M2 AP

Figure 1. M2 AP projectiles.



Table 1. M2 AP projectile dimensions and masses.

.30-cal .50-cal

M2 AP (4) M2 AP
Length (mm) 35.6 57.9
Diameter (mm) 7.84 12.9
Projectile (g) 10.6 40.1
Core (g) 5.2 25.9
Nose (g) 1.3 3.6
Jacket (g) 4.2 16.3

2.2 Fragment-Simulating Projectiles (FSPs)

FSPs manufactured to meet the specifications of MIL-DTL-46593B (MR) (5) are used for the
ballistic evaluation of 5083-H131 to meet the MIL-DTL-46027J(MR) specification. These
projectiles are steel, right circular cylinders with a chiseled nose at the front end. The other end
features an obturator flange. The .22-cal, .50-cal, and 20-mm FSPs were used to evaluate AZ31B-
H24. Figure 2 details the shape and dimensions of each FSP.
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d=.22-cal FSP Steel= 29g, R, =24-30
d =.50-cal FSP Steel= 1349, R =29-31
d=20-mm FSP Steel= 53.8g, R =29-31

Figure 2. Normalized FSPs (3).

3. Magnesium Armor Solutions

The general mechanical properties of AZ31B-H24 magnesium, 5083-H131 aluminum, and rolled
homogeneous armor (RHA) steel are provided for comparison in table 2. The tensile and Brinell
hardness® properties for different tempers of AZ31B are provided in tables 3 and 4. A softer
temper, AZ31B-0 and a high strength experimental alloy, E675 were evaluated to assess the effect
of strength on ballistic performance against some projectiles. The Vs¢? protection ballistic limit

1Brinell hardness is the load used to force a hardened sphere into a metal surface divided by the area of the
indentation created in the surface.

2y, is the velocity at which there is an equal probability of a partial or a complete perforation for the given armor
and threat.



velocity of the metal plates was statistically determined following the standards of MIL-STD-662F
(6). The magnesium data will be used to generate a military armor specification for AZ31B-H24.

Figures 3 through 7 provide the ballistic Vs limit velocity data for the plates as a function of areal
density (weight per unit area; thickness times density) for the various projectiles.

Table 2. General mechanical properties (3).

Property AZ31B RHA AL5083
Density (g/cm®) 1.77 7.86 2.66
Ultimate Tensile Strength (MPa) 270 1170 350
Young’s Modulus (GPa) 44 205 70
Specific Strength (MPaecm?®/g) 153 150 130
Specific Modulus (GPascm?/g) 24.9 26.1 26.3

Table 3. AZ31B tensile properties (3).

Ultimate Tensile
Relative Magnesium Alloy-Temper Tensile Yield ETF | Relative
Strength Strength Strength Ductility
ksi | MPa | ksi | MPa | percent

AZ31B-H24 39 269 27 186 9

ZK10-F 37 255 27 186 10

AZ31B-0O 36 248 21 145 12

AZ31B-0 “Super Annealed” 35 241 19 131 14

ETF = elongation to failure; ksi = kilopounds per square inch; MPa = megapascals
“Super annealed” AZ31B-O was created by precipitation hardening at 700 °F for 2 hours. We then cooled it to
room temperature by decreasing the oven set point by 50 °F per hour.

Table 4. Brinell hardness properties.

Magnesium Alloy-Temper Hardness® (HBN)
AZ31B-H24 61.0
AZ31B-F 59.0
AZ31B-0O 54.0
AZ31B-0 super annealed 33.6

Tested on 500-kg Brinell scale

The limit velocities shown are acceptance velocities from MIL-DTL-46027J and actual test Vs
for AZ31B. The AP ballistic performance data show AZ31B to be very similar in mass efficiency
against these projectiles. The increased thickness of the monolithic AZ31B did not improve the
overall ballistic performance. The FSP ballistic performance data show that at thinner gauge
monolithic plate, the AZ31B outperforms 5083AL. The thickness of the plate is more of a factor
than the strength at the lower areal densities. There is a cross-over, which depends on the threat
diameter, where the strength surpasses the thickness and becomes the dominant factor in the
overall ballistic performance. It is also clear that strength is more of a factor against the flat-
headed high-energy FSPs than AP projectiles. In addition, the excellent ductility of 5083AL
relocates some of the kinetic energy of the FSP into plastic deformation. Experimental observation



revealed that more ductility in AZ31B could improve the back face spalling and thus the ballistic
performance of the plate. Hardness was not a factor for AZ31B against the AP core and FSP
cylinder since the projectiles remained fully intact after impact. Hardness was not a factor for
5083AL against the AP core that remained fully intact. However, hardness was a small factor for
5083AL against the FSP cylinder since the projectile slightly mushroomed after impact.

Ballistic Performance against .30-cal M2 AP at O
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Figure 3. Estimated Vs, ballistic limit of the .30-caliber M2 AP.

Ballistic Performance against .50-cal M2 AP at O
Degrees - AZ31B-H24 & 5083AL Alloys
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Figure 4. Estimated Vs, ballistic limit of the .50-caliber M2 AP.



Ballistic Performance against .22-cal FSP at 0
Degrees - AZ31B-H24 & 5083 Alloys
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Closeup: Ballistic Performance against .22-cal
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Figure 5. Estimated Vs, ballistic limit of the .22-caliber FSP.
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Figure 6. Estimated Vs ballistic limit of the .50-caliber FSP.




Ballistic Performance against 20-mm FSP at 0
Degrees - AZ31B-H24 & 5083AL Alloys
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Figure 7. Estimated Vs, ballistic limit of the 20-mm FSP.

4. Conclusions

AZ31B-H24 is competitive to 5083-H131 aluminum armor on an equivalent weight basis. This
magnesium has a better ballistic performance than 5083-H131 against the AP projectiles while
5083-H131 offers better fragment protection. The spall strength of AZ31B might be improved with
alloying. The cost of AZ31B-H24 is currently $7 to $8 per pound versus for $2.50 to $3 per pound
for 5083-H131. ARL is currently working on the generation of a military armor specifica-tion that
will allow armor system manufacturers to qualify their magnesium material for use in combat
vehicles.
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